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(54) LIGHT-EMITTING DEVICE AND DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light- 
emitting device with high luminous efficiency, high 
durability, and high brightness over a long time. 
SOLUTION: This light-emitting device has at least 
one organic compound layer between a pair of 
electrodes, and has at least one layer of an organic 
compound in which the content of impurities is 1.0 
mass% or less. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A light emitting device having further at least an organic compound layer whose 
content of an impurity is below 1.0 mass % in a light emitting device which has much more 
organic compound layer at least in inter-electrode [ of a couple ]. 

[Claim 2]The light emitting device according to claim 1 , wherein content of said impurity is 
below 0.5 mass %. 

[Claim 3]The light emitting device according to claim 1 , wherein content of said impurity is 
below 0.1 mass %. 

[Claim 4]The light emitting device according to any one of claims 1 to 3 to which said 
impurity is characterized by being low molecular weight from an organic compound which 
constitutes an organic compound layer. 

[Claim 5]The light emitting device according to any one of claims 1 to 4, wherein said 
impurity is a decomposition product originating in an organic compound which constitutes 
an organic compound layer. 

[Claim 6]The light emitting device according to any one of claims 1 to 5, wherein an organic 
compound layer containing said impurity is a luminous layer. 

[Claim 7]The light emitting device according to any one of claims 1 to 5, wherein an organic 
compound layer containing said impurity is a hole transporting bed. 

[Claim 8]The light emitting device according to any one of claims 1 to 5, wherein an organic 

compound layer containing said impurity is an electron transport layer. 

[Claim 9]The light emitting device according to any one of claims 1 to 5, wherein an organic 

compound layer containing said impurity is a hole pouring layer. 

[Claim 10]The light emitting device according to any one of claims 1 to 5, wherein an 

organic compound layer containing said impurity is an exciton diffusion prevention layer. 

[Claim 1 1]The light emitting device according to any one of claims 1 to 10, wherein said 

light emitting device is a light emitting device using phosphorescence luminescence. 

[Claim 12]A display having the light emitting device according to any one of claims 1 to 11 

as a display device. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the light emitting device which used the 
organic compound. 

It is related with an organic electroluminescence element with high efficiency stable by 
reducing the impurity in an element in more detail (organic EL device). 

[0002] 

[Description of the Prior Art]As for the organic EL device, the application study is 
energetically performed as high speed response nature or an efficient light emitting device, 
the — being fundamental - composition — drawing 1 - (— a ~) - (— b --) — having been 
shown -- [- for example, - Macromol . - Symp . - 125 - one - 48 (1997) - reference -] . 
[0003]As shown in drawing 1 , generally an organic EL device comprises a two or more 
layers organic layer layer between the transparent electrode 14 and the metal electrode 1 1 
on the transparent substrate 15. 

[0004]An organic layer consists of the luminous layer 12 and the hole transporting bed 13 in 
drawing 1 (a). ITO with a big work function, etc. are used as the transparent electrode 14, 
and the good hole pouring characteristic from the transparent electrode 14 to the hole 
transporting bed 13 is given. The good electron injection nature to an organic layer is given 
using the small metallic material of work functions, such as an alloy using aluminum, 
magnesium, or them as the metal electrode 11. 50-200-nm thickness is used for these 
electrodes. 

[0005]The aluminum quinolinol complex (Alq3 which shows the example of representation 
to ** 1) etc. which have electron transport property and a luminescent characteristic are 
used for the luminous layer 12. The material which has electron-donative [, such as a 
biphenyl diamine derivative (alpha-NPD which shows the example of representation to ** 
1), ], for example is used for the hole transporting bed 13. 

[0006]When an electric field is impressed so that the element which constituted more than 
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shows a rectifying action, and it may become the negative pole about the metal electrode 
1 1 and it may become the anode about the transparent electrode 14, an electron is* poured 
into the luminous layer 12 from the metal electrode 1 1 , and a hole is poured in from the 
transparent electrode 15. 

[0007]Within the luminous layer 12, an exciton arises by recombination and the hole and 
electron which were poured in emit light. At this time, the role of an electronic blocking layer 
is played, the recombination efficiency of 12/of luminous layer hole transporting bed 13 
interface increases, and luminous efficiency goes up the hole transporting bed 13. 
[0008]ln drawing 1 (b), the electron transport layer 16 is formed between the metal 
electrode 11 of drawing 1 (a), and the luminous layer 12. Luminescence, and an electron 
and hole transportation can be separated and efficient luminescence can be performed by 
having more effective career blocking composition. As the electron transport layer 16, an 
oxadiazole derivative etc. can be used, for example. 

[0009]Fluorescence in case luminescence generally used for the organic EL device until 
now will be from the singlet exciton of the molecule of a luminescence center in a ground 
state is taken out. Examination of the element which, on the other hand, does not use the 
firefly luminescence which went via the singlet exciton, but uses phosphorescence 
luminescence which went via the triplet exciton is made, the typical literature announced — 
literature 1:lmproved energy transfer in electrophosphorescent device (D. - F. O'Brien et 
aL) Applied Physics Letters Vol 74, No3 p422 (1999), Literature 2:Very high- 
efficiencygreen organic light-emitting devicesbasd on electrophosphoresce nee (M. - 
A.Baldo et aL.) It is Applied Physics Letters Vol 75 and No1 p4 (1999). 
[0010]ln these articles, 4 lamination of the organic layer shown in drawing 1 (c) is mainly 
used. It consists of the hole transporting bed 13 from the anode side, the luminous layer 12, 
the exciton diffusion prevention layer 17, and the electron transport layer 16. The material 
used is the carrier transport material and phosphorescence luminescence material which 
are shown in ** 1. The abbreviation of each material is as follows. 

Alq3:. Aluminum quinolinol complex alpha-NPD :. N4, N4 , -Di-naphthalen-1-yl-N4, and N4 - 
'-diphenyl-biphenyl-4 and 4' - diamineCBP:4 and 4' - N, 1ST - dicarbazole-biphenylBCP:2 and 
9-dimethyl-4. 7-diphenyl-1,10-phenanthrolinePtOEP:platinum-octaethyl porphyrin-complex 
lr (PPy) 3 - Iridium phenyl pyrimidine complex [0011] 

[Formula 1] 
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lr(ppy) 3 

[0012]the well head was acquired for the literature 1 and 2 Alq3 and the exciton diffusion 
prevention layer 17 being used with BCP, CBP being made alpha-NPD and the electron 
transport layer 16 with a host material at the luminous layer 12 at the hole transporting bed 
13, and it being about 6% of concentration, and, PtOEP or Ir(ppy) which is 

phosphorescence luminescence material is mixed and constituted. 
[0013]The reason especially the phosphorescence nature luminescent material attracts 
attention is expectable [ high luminous efficiency ] theoretically. The exciton by which the 
reason is generated by career recombination consists of a 1-fold paragraph exciton and a 
3-fold paragraph exciton, and the probability is 1:3. Although the old organic EL device had 
taken out the fluorescence at the time of changing to a ground state from 1-fold paragraph 
exciton as luminescence, theoretically, the luminescence yield was 25% to the generated 
number of excitons, and this was a theoretic maximum. However, if the phosphorescence 
from the exciton generated from 3-fold paragraph is used, one at least 3 times the yield of 
this is expected theoretically, and if transition by the intersystem crossing to 3-fold 
paragraph from still higher 1-fold paragraph in energy is taken into consideration, one 4 
times the luminescence yield of 100% of this is theoretically expectable. 
[0014]Otherwise in the literature which required luminescence from a triplet, JP,11- 
329739.A (an organic EL device and a manufacturing method for the same), There are 
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JP,11-256148,A (a luminescent material and the organic EL device using this), JP,8- 

319482,A (organic electroluminescent element), etc. 

[0015] 

[Problem(s) to be Solved by the lnvention]Especially in the organic EL device using the 
above and phosphorescence luminescence, luminescence degradation of an energization 
condition poses a problem. Although the cause of luminescence degradation of a 
phosphorescence light emitting device is not clear, generally since 3-fold paragraph life is 
longer than 1-fold paragraph life triple or more figures, Since a molecule is left for a long 
time by the energy-rich state, it is thought that a reaction with a circumference substance, 
formation of an excitation polymer, change of the molecule fine structure, a structural 
change of a circumference substance, etc. will take place. 

[0016]Anyway, although high luminous efficiency is expected from a phosphorescence light 

emitting device, energization degradation poses a problem by one side. 

[0017]Then, this invention is efficient light, it is excellent in endurance and an object of this 

invention is to provide the light emitting device and display which maintain a long period 

high-intensity. 

[0018] 

[Means for Solving the Problem]Paying attention to an impurity of an organic compound 
layer as a result of inquiring wholeheartedly that an aforementioned problem should be 
solved, quantity of an impurity contained in an organic compound layer finds out having 
affected the early characteristic and durable performance strongly, and this invention 
persons came to complete this invention. 

[0019]That is, in a light emitting device which has much more organic compound layer at 
least in inter-electrode [ of a couple ], a light emitting device of this invention has further at 
least an organic compound layer whose content of an impurity is [ below 1 .0 mass % ] 
below 0.1 mass % more preferably below in 0.5 mass %. 

[0020]ln a light emitting device of this invention, it is more preferred than an organic 
compound in which said impurity constitutes an organic compound layer that it is low 
molecular weight and that it is a decomposition product originating in an organic compound 
which constitutes an organic compound layer. 

[0021 ]lt is preferred that an organic compound layer containing said impurity is a luminous 
layer, a hole transporting bed, an electron transport layer, a hole pouring layer, or an 
exciton diffusion prevention layer. 

[0022] It is preferred that said light emitting device is a light emitting device using 
phosphorescence luminescence. 

[0023]A display of this invention was provided with the above-mentioned light emitting 

device as a display device. 

[0024] 

[Embodiment of the lnvention]ln order to raise the luminous efficiency of an EL element, it 
cannot be overemphasized that the light quantity child yield of the luminescence center 
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material itself is large. However, what energy transfer between host hosts or between host 
guests can be performed efficiently poses a big problem. Although luminescence ~ 
degradation of a cause by energization is not clear for the moment, it is assumed that it is 
based on degradation of the material of the luminescence center material itself, the thing 
relevant to the environmental variation of the luminescent material by the circumference 
molecule, or a carrier transport layer, etc. at least. 

[0025]The light emitting device of this invention is a light emitting device which has much 
more organic compound layer at least in inter-electrode [ of a couple ]. It is not limited 
especially as lamination of a light emitting device, but composition as shown in drawing 1 is 
mentioned. 

[0026]The light emitting device of this invention has further at least an organic compound 
layer whose content of an impurity is [ below 1 .0 mass % ] below 0.1 mass % more 
preferably below in 0.5 mass %. If the content of an impurity is below 1.0 mass %, it excels 
in endurance and, in the case of the light emitting device using phosphorescence 
luminescence, excels also at an initial characteristic. 

[0027]the decomposition product originating in the organic compound which constitutes an 
organic compound layer instead of the impurity intentionally added with the impurity in this 
invention in order to raise luminous efficiency, and a reaction by-product - for example, 
Refining is insufficient and what is being mixed into an organic compound from the 
beginning, the thing to generate in the pyrolysis by heating at the time of vacuum 
evaporation, etc. say the thing of the impurity mixed without meaning. Therefore, the 
impurity in this invention is usually low molecular weight from the organic compound which 
constitutes an organic compound layer. 

[0028]The organic compound layers containing an impurity may be any of a luminous layer, 
a hole transporting bed, an electron transport layer, a hole pouring layer, and an exciton 
diffusion prevention layer. 

[0029]The light emitting device of efficient and high durability of this invention is applicable 
to the product which needs [ energy saving or high-intensity ]. As an application, the light 
source of a display and a lighting system, or a printer, the back light of a liquid crystal 
display, etc. can be considered. As a display, energy saving, high visibility, and a 
lightweight flat-panel display become possible. As a light source of a printer, the laser light 
source section of the laser beam printer used widely now can be transposed to the light 
emitting device of this invention. The element which can carry out an address 
independently is arranged on an array, and image formation is carried out by exposing a 
request to a photoconductive drum. By using the element of this invention, a device body 
product can be decreased substantially. About a lighting system or a back light, the energy 
saving effect by this invention is expectable. 
[0030] 

[Example] Hereafter, this invention is explained while an example is shown. 

[0031]The element of the lamination shown in below <Examples 1-5 and the comparative 
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examples 1-2> was produced. Glass substrate/ITO(70 nm)/alphaNPD(50 nm)/Alq3 (50 
nm) / AILi (Li1.8 mass %, 3 nm) / aluminum (100 nm) 

[0032]The Al electrode was formed with the vacuum deposition method (below degree-of- 
vacuum 10 ^Pa) from the organic compound layer. 

[0033]ln consideration of purity, alphaNPD repeated sublimation refining 3 times before 
vacuum evaporation, and checked that it was not less than 99.9% by high speed liquid 
chromatography. It checked that purity was not less than 99.9% also about Alq3 which is a 
metal complex. Although the vapor-deposited organic compound layer after vacuum 
evaporation was inspected, it checked that an impurity did not exist in this, either. 
[0034]After making it go up to decomposition temperature once with the container which 
sealed alphaNPD at the time of alphaNPD stratification, vapor codeposition of the 
alphaNPD-** again returned to the room temperature was carried out at a rate shown in 
Table 1. 

[0035]When voltage was impressed to these elements, luminescence from Ir(ppy) was 

checked. Voltage impressing of 12V was carried out in dry nitrogen by having used ITO as 
the anode, and the durable characteristic was evaluated. A result is shown in Table 1. 
[0036] 
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[0037]As shown in Table 1, it turned out that the content of ailphaNPD-** becomes 
especially good in endurance, and is still better by 0.1 mass % below by 1 mass %, and the 
content of alphaNPD-** has influenced in durable performance strongly. 
[0038]Although alphaNPD-** was made to mix intentionally in this example, It has 
insufficient refining that alphaNPD-** is actually mixed at the time of alphaNPD vacuum 
evaporation, and it can consider the case where the ingredient which originates in material 
from before vacuum evaporation at alphaNPD-** remains, and the case where the 
ingredient which is heated at the time of vacuum evaporation, is decomposed with the heat, 
and originates in alphaNPD-** mixes. 

[0039]Below 0.1 mass % is [ the content of alphaNPD-** / below 1 .0 mass % / below 0.5% 
mass ] anyway, still more preferably good [ durable performance ] preferably. 
[0040]The phosphorescence light emitting device of the lamination shown in below 
<Examples 6-10 and the comparative examples 3-4> was produced. 
Glass substrate/ITO(70 nm)/alphaNPD(50 nm)/CBP:lr(ppy) 3 (7%)/BCP(20 nm)/Alq3(50 
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nm)/AILi (LM.8 mass %, 3 nm) / aluminum (100 nm) 

[0041]Like the last example, alphaNPD, CBP, Ir(ppy) 3> BCP, and Alq3 were refinetl in not 

less than 99.9% of purity. After making it go up to decomposition temperature once like a 
last example with the container which sealed CBP at the time of the CBP:lr(ppy) 

stratification, CBP-** again returned to the room temperature was made to mix at a rate 
shown in Table 2. 

[0042]** et al. — ** - when voltage was impressed to the element, luminescence from Ir 
(ppy) was checked. The durable characteristic was evaluated like the last example. A 

result is shown in Table 2. 

[0043] 

[Table 2] 
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[0044]Below 0.1 mass % has [ below 1.0 mass % / below 0.5 mass % ] preferably the 
content of CBP-** which is a decomposition product from CBP still more preferably good 
[ as shown in Table 2 ] like Examples 1-5 in order to raise durable performance. 
[0045] In this phosphorescence light emitting device, a decomposition product is remarkable 
at below 1.0 mass %, and an initial characteristic is improved. That is, as compared with 
the case where the same voltage is applied, light emitting luminance more than doubles 
[ the above-mentioned impurity content ] 1.0 mass % and 2.0 mass %. An improvement of 
this initial characteristic is a phenomenon which is not in the fluorescent light emitting 
device of Examples 1-5. 

It is a phenomenon peculiar to a phosphorescence light emitting device. 

[0046]lt was checked by the phosphorescence light emitting device by this example that 
this invention is useful. It became clear that the initial characteristic which is not in a 
fluorescent device is also improved. 

[0047]The polymers light emitting device of the lamination shown in below <Examples 11- 
15 and the comparative examples 5-6> was produced. 

Glass substrate/ITO(70 nm)/PEDOT:PSS(50 nm)/PVK:lr(ppy) 3 (3%) (50 nm) / Ca (100 nm) 

[0048]The structure of PEDOT, PVK, and PSS is as being shown below. 
[0049] 
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[Formula 2] 




PVK pedot pss 



[0050]PEDOT:PSS, PVK, and Ir(ppy) were refined in not less than 99.9% of purity like the 

last example. After making it go up to decomposition temperature once like a last example 
with the container which sealed PVK at the time of the PVK stratification, PVK-** again 
returned to the room temperature was made to mix at a rate shown in Table 3. 
[0051]** et al. — ** — when voltage was impressed to the element, luminescence from Ir 
(ppy) was checked. The durable characteristic was evaluated like the last example. A 

result is shown in Table 3. 
[0052] 
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[0053]Below 0.1 mass % has [ below 1.0 mass % / below 0.5 mass % ] preferably the 
content of PVK-** which is a decomposition product from PVK still more preferably good 
[ as shown in Table 3 ] like Examples 1-5 in order to raise durable performance. 
[0054]ln this phosphorescence light emitting device, a decomposition product is remarkable 
at below 1.0 mass %, and an initial characteristic is improved. That is, as compared with 
the case where the same voltage is applied, light emitting luminance more than doubles 
[ the above-mentioned impurity content ] 1.0 mass % and 2.0 mass %. 
[0055]Also in this example, it was checked that this invention is useful also to a 
phosphorescence light emitting device. It became clear that the initial characteristic which is 
not in a fluorescent device is also improved. 

[0056]The phosphorescence light emitting device of the same lamination was produced 
using the same material as Examples 16-18 and the comparative example 7> examples 
6-10. However, about CBP, the difference was given to the purity before vacuum 
evaporation according to the difference of the degree of refining using three sorts, what 
carried out column purification, the thing refined in recrystallization, and the thing which 
carried out sublimation refining. 
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[0057]When component analysis of the thing which carried out vacuum deposition of the 
CBP to the glass substrate with Ir(ppy) was conducted as preliminary experiment; impurity 

concentration was 2% (comparative example 7), 1.0% (example 18), 0.5% (example 17), 
and 0.1% (example 16), respectively. These impurities were mixtures of various 
compounds. 

[0058]The durable characteristic was evaluated like the old example using these elements. 
A result is shown in Table 4. 
[0059] 
[Table 4] 
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[0060]As shown in Table 4, like the old example, also in this example, the impurity content 
of below 0.5 mass % is [ below 1 .0 mass % ] below 0.1 mass % still more preferably 
preferably, and it became dear that durable performance improves remarkably. 
[0061]The phosphorescence light emitting device of the same lamination was produced 
using the same material as Example 19 and the <comparative example 8> examples 6-10. 
In this example, speed at the time of the vacuum deposition of a luminous layer was carried 
out in 0.2nm (example 19)/[ sec and ] and 1.0nm (comparative example 8)/[ sec and ]. 
[0062]When the thing which vapor-deposited the luminous layer on the glass substrate was 
analyzed as preliminary experiment, the impurity content was 0.2 mass % in 0.2nm 
(example 19)/sec, and was 1.2 mass % in 1.0nm (comparative example 8)/sec. The 
impurity was a mixture of various compounds. 

[0063]The durable characteristic was evaluated like the old example using these elements. 
A result is shown in Table 5. 
[0064] 
[Table 5] 
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[0065]As shown in Table 5, durable performances differ with the difference of the impurity 
concentration by an evaporation rate. It became clear that the difference has produced this 
reason in the grade of disassembly of a compound with the speed of vacuum deposition. 
[0066] 

[Effect of the Invention] Above, like explanation, according to this invention, it excels in 
endurance and the light emitting device and display which maintain a long period high- 
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intensity can be obtained by efficient light. In the case of a phosphorescence light emitting 
device, an initial characteristic is also improved. 



[Translation done.] 
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DRAWINGS 

[Drawing 1] 
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[Translation done.] 
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&mm i -4 ^v^-^»fcis«w)»3e*F. 

^i*Ji-c& s £ t zmLt -tmm i ~ 5 w vf*i 

-/p&ajit$> s £ t ztm t -r&mtm i ~ 5 *> v 

[ mm 1 0 ] mttWfattt-th ^mtsmmtt 
vmmsmjkMThiz t zmLb-tzmm 1 - 5 

xm^x'h &zb*%mb^z> mm i-iow ^ 

I mm 1 2 ] mm l ~ 1 1 <ov vf*i*»fc:Ejtt*>!ft 

a. 

[0001] 
[0002] 

*>»*«$rllMt*Bll (a) ■ (b ) fcj^Lfc [05i.tr 
Macromol. Symp. 125, 1~48 (19 
9 7 ) #flg] . 

[ 0 0 0 3 3 HI fc^LfcJ: d fc, HRfc*DSE L*iP 



(i®Bj«« 1 5±izm*mm 1 4 h&sm«g 1 1 nmz 
[ 0 0 0 4 ] hi ( a > Tn. nmmtfzmm 122:* 

wHSJjMJl 1 3*»4>3fir4 . SftiS 1 4 LTtt, ft* 
MR***** I TO^r^lV^ix, »litil4H 
*— /HIBJMi 1 3^ft*^*-/I^Wtt*»fc-it"C 
v^-S. AKttBl 1 i: LTii. T/l^-^A. v^i^ 
•7 A $> -5 Sr m v *fc-&£$r i: Oft*H3IScO/h$ 

Ztlt>m,mzte. 5 0~2 0 0nm<T)lgiJ?#fflV^ 
ill.. 

[0005] IBfcJI 1 2 fcli. *F#itSttfcf63K»tt£ 
T)V 5 dr y U J b' ( ftjWIi, it 1 JC 

a i q 3 ) #m^t>ti&. tti. *-iummmi3 

1 t^-f a — N P D ) & i: «^t^-1±Sr^r-r *tf 

[0006] JSLbOflURfc t^STtiSSEttft^L. & 
1 1 ^Ifl^lti 1 4 & J: ^ (c« 

^ftSttD-r^t. #JS«ffil l*^tf*>l3K112C 
aA$a. S^til 5 -JUtf&A 2tL&. 

[0007] &A%titt-jubn?i±?mm 1 2 at 
ei 3\i&*n7uv*yym<?>m\*miL. mm 

[0 0 08] $4>tC, HI (b ) Tii. mi (a) <0& 

mm&i 1 bmtm 1 2«hk> 1 6jwrw- 

«iw<«r^ t'J77"Q7Jf yymmz-th z b x\ mm 

it. Mz-i*. **vvTY-)vmmw%z*j%uhzb 
tfx-th. 

[0009] Ztl£X\ —MkliZ^ntE Lmirlzm^btl 

1: Improved energy transfe 
r in electrophosphorescen 
t device (D. F. O' Brien^ App 
lied Physics Letters Vol 
74, No3 p422 (1999) ) „ $M2 : Ve 
ry high — efficiencygreen o 
rganic light — emitting dev 
icesbasd on electrophosph 
orescence (M. A. Baldo£>, App 1 
ied Physics Letters Vol 7 
5. No 1 p4 ( 1 999) ) 



[ooio] ztibojMx-n. Ei<c) toR-rs* 
^>^-;«3iJi 1 3 . mtm 1 2 s mm?msm±m i 

a i q 3 : r;us -#y y ;->vm& 

a-NPD:N4, N4' — Di— naphtha 1 e 
n— 1— yl— N4. N4' -dipheny 1-bi 
phenyl— 4, 4' — diamine 




lr(ppy)3 



[ 0 0 1 2 J -m. 1 , 2 k t J80»*3&«»i5><l3fe«{4. * 
-/HKSJil 3t=a-NPD. flSMiiXJf 1 61CA 1 q 
3, Bi&FSaBd»jfcJi 1 7KBCP. 5Bfc/ll 2tCB 

tSfit*4PtOEP4fcttlr (ppy) 3 *MA 

[0013] ^3fcttaj^raam:aBS/iT^&« 
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CBP : 4, 4' — N , N' -dicarbazole 
— biphenyl 

BCP: 2, 9-dimethy 1-4, 7-diph 
enyl — 1, 10 — phenanthrol ine 
PtOEP : ai-^^^xf;W7-('JyM 
I r (ppy)jM Ui^A-^x^/ktry s^'yig 

[00 11] 
[ft 13 




BCP 



0 %O^JR^*^#T# £ . 
[0014] flftfc. =»H*&WSbK£KLfc:fclKfc: 

1 1-32973 9-§-&« (3T&E LS^S. 
TftCOgmifm) , 1 1-256 14 8^fg 

8-3 1 948 2^|g (tixl/?ho;^* 7 ty 

[0015] 



I 



! (4) 002-373785 (P2 0 0 2-ch:#g 



*V Vfi , HRt 3 d&ftfetf 1 »SSHir £ D , 3 flrJiLL 
[0016] V^rflfeLT i) , 9/WK?&ft*?{ii§IS3fc 
[00 18] 

*fm-t^<mmmiLKm$k. mzmmt-smmoT- 

[ o o 1 9 ] *»BH^>«)iami. -»<^)*flHa 
, TOffto**** i . o«*%iaT, » * l < u 

0. 5W*%J*TF, «fc9#*L<«:0. l«SWF? 
[0.020] mm<r>fflm=f-<,zii^T\i, MsS^m® 

[002 1] 4fc, liTE5F««8**^-4*«MI;^tWi 
#>\ IBftl. *7f&5IS», *-;U&A 

[ 0 0 2 2 ] JSC fffiEfBte*W^#3^£fflv*fc 
563fc3frf "C* S £ fc L v \ 
[ 0 0 2 3 ] #»E*>*iS§S»i, JJE***? 

[0024] 

[^^^IUfi<?)BS3 EL*^<OS&3lS»Jp£afft4fctf> 

«fc hytft&Mttnh z. hwm\m^x'M^i)K 

[0025] *%Bjc7)^s^{i. - ttOWXmiZ'J?* 

xsttnmmsLk. Lxamzm^^ti-f. muz^ktm 

[0026]4fc, alcfMBOSBiaiWi, TOG**)-** 



1 . 0 »4 L < tt 0 . 5 ®fi%iy.T. 

i 9 L < i4 0 . 1 fC»%mTT-J> & WfiS-ffc-SWl £ 
^fl: < b i> —Mirth . TOtfll*)***** 1 . 0 Ki% 

[0027] *fffiB(C*Jtt43fWftfctt, fSft2»£[6] 

^m^mmth^mt^mz^th^m^mm^. 
®mmm. mmt^+^x-mm-h^mit^m^zm 
ALx^&hw. mm^<r>tomz£&f^mx*mLth 
i>cr>m. mmit-nzmALxL&o^mMnzt*^ 

[0 0 28] ^*E«I^*^4*«W:-^Hj*« s 
[0029] *fffiBtf>H3&* • iSWAttO^^ti, 

?-<v/(Mbi,xii* m&fe<m^t>tix^&i<~ft: 
-j*7°vy?<7)\s-?-fflm*. i&m<?)?£m=?-iz 
mzmt&zb * j T-# h . t&inzT k uxxz &m=F* 

nmttttzmdrti z b § s . emm^a - y ^ 

[0030] 

*. 

[003 1 ] <mi&mi~~5, Jtl^Jl~2>JilTfc^ 
•TS^iO^FSrfmt^. #7XSfi/I TO ( 7 0 
nm)/«NPD (50nm) /K 1 q3 (50nm) 
/AlLi (Li 1. 8K*%. 3 nm ) /A 1 (10 
0 nm) 

[0032] 3mfcsmmfrt>A 1 m^ti, 

(ESJgl 0-«PaOT) -C«L^. 

[0033] mmiz&i&Lx. «npd(4. mmmiz. 
¥mmwk* smsk o m lx , sa**^ Dvh/??^ 

CJ: 0. 9 9.. 9%m±T'S>l>^ fc &5if&Lrt:. ^JSIg 
*T'*^» A 1 q 3 £M Lt t> . mBltf 9 9 . 9 %ULtX" 

[0 034] aNPDlfMC. aNPDJfKU 
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C 0 0 3 5 ] Ztlt><7>m = Fl l zWJ£*Q}m~?& t I r ( p 

py) ifrknzmtmmztifz. ttz, iro^m 

Liz. &%:Zm 1 . 
[00 36] 

mi ] 





oNPD-(D^tI 
(^£%> 


<h r) 




0 


8 5 0 




0.10 


8 0 0 




0. 30 


5 5 0 




0. 5 0 


4 0 0. 




1 


2 8 0 


tt&Ml 


2 


10 0 




4 


5 0 



[00371^1 a N P D -<D<7)-i-*i*< 

l«i%Ja - pe»Att* < «ffc:ftJaFfc:!S:0. o. i@*% 

ttffifcBK 0# LT £ i: ifihfr->tz . 
[0038] #g|JS0IJrJi. fttCaN P D -(DSrigA 
a N P D^sf Bf fc« N P D -®#*IA 

ittSOUu WRAOF-Hi-caMWff^^^m+ta N P 
D-a>t=6*-f**4hWa->TV^«^i:. ^*i*(cJd 
SfeSil. -£*)*rC$H*S*U arNPD-<D£Efe3fe-f £j£ 

[00 39] ^i*tazi£±. WA.tttBiaNPD-a>*> 
-irW**^ 1. OII%JJlT, #iL<ttO. 5%|* 

[0040] <HStW6~ 1 0 , Jt8?0lJ 3-4 >MTlZ 

#WiS/ITO (70nm)/«NPD (50n 
m)/CBP: Ir (p P y) 3 (7%) /BCP (2 
0nm)/Alq3 (50nm)/AlLi (Lil. 
8ffS%. 3nm)/Al (lOOnm) 

[004 1 j wammmmz* «npd, cbp, ir 

(ppy) 3 . BCP, Alq3Sr99. 9%VXtcr>ffi. 

mzmmuz. ttz. mmmmtmmizLT. cbp : 

I r (ppy) aJKBAlftC,. C B P£«fiHLfcS»T 

- m#fmm£X'±&z-&zm, nr/mmtx-mLtzc 

BP-®^2 tjjrrW^TMAS . 

[ o o 4 2 ] £ £> war*- &t ir( P 

py) 3 ^4>OSBbWlB$<TX:. mmWMbto 

[0043] 
[*2] 





L B .F ~ <*£Jli -fl M 

(«%) 


(h r) 




0 


3 0 0 




0.10 


2 8 0 


sums . 


0.3 0 


2 5 0 




0.5 0 


18 0 


HJfeWl 0 


• 1 


115 




2 


5 0 


Jt<ft«4 


4 


5 5 



[0 044] *2fcjK-ttJHc. JOfcWl~5i:B«. ft 

TftiCBP-S^flit. 1. OMm%&T. Wi 
L<liO. 5||%£IT. 3££#2L<{±0. Ill 
XliTWlv*. 

[0045] i^OA^^^Tii, ftfflStttt 
*%W£j£ft#l. 0M*%mT"CS : L<2Jt#$ix.|». 

[0046] ^mmmizz 9 . 0 /^fi^sH^t , * 

[0047] <H»W1 1-1 5. Jfc«W5~6>JaT 

*'5Xlfi/ITO (70nm)/PEDOT:PSS 
(50nm) /PVK : I r (ppy) 3 (3%) (5 
0 nm) /C a ( 1 0 0 nm) 

[0048] PEDOT, PVK. P S Snffi&liiXT 
liZTFtbtiVT&h. 
[0049] 
[ft2] 




PVK PEDOT pss 

[0050] rnmfow&mzPE d ot : p s s s pv 

K. Ir( P py) 3 J99. 9 %&±ffM&iZ^9iL 
iz. «HQfc0lfcH«fc:UT. PVKl»s)»C 

pvk^b uz®&x—mimw&z t±#$ ^ 
MAS-erc 

[005 1 ] £4>&o3m:«E£ifflnrr*i: ir( P 

[0052] 
[»3] 





r V K — va/ eS -w S 
(«%) 


(h r ) 


mmmi i 


0 


2 2 0 


mmm 1 2 


0. 10 


2 0 0 


mmw 1 3 


0.3 0 


15 0 


^14 


0. 5 0 


10 0 


mmmi 5 


1 


8 5 




2 


4 0 




4 


3 0 



[0 0 5 3) *3K*1Hlt=. HSfeflajl~5i:lRlfit W 

T**PVK l. 0Sti%WT. #4 
L<f20. 5«*%£TF, 3&WKF*L<W0. l«i 

[0 0 54) 4fc. £<ODX,3e»3lSIFPC«. 

iMM&mitf i . o Mm%aTx-m L < . 
i. oii%t2. o«^*a«irtftk«3iewK* f 2 

[00 55) *HKSWct5^T . 0 /C3\SM3K^^tc: 

[00 56] <5otffii i6~i8, imm7>mmme 
~iot [s]«^*m&ffl^T . mmnmmfcco 9 

3mzmw mmmcomzi vmMmnmmtzmzftt: 

[0057] fmfmt LX . tfyZ.mmz Ir( PP 
y ) 3 i:i:ttCBP^X^*t^^^«f-rs 
^««aW»«**l«l2« (WW"J7) , 1. 0% 

(safc«i 8) .0.5% (mmmi 7), o. ix 
(ussfiaji 6 ) Th->tc. ztib^i&mm.« coit-sm 

[0 0 58] Cfl&Ofg^-fcfflVvt. i<iiTO*lfc« 

[00 59] 
[i£4 ] 





(**%) 


(h r) 


6 


0. 0 7 


3 8 0 


1 7 


0. 5 


18 0 


l£*fc0lj 1 8 


1 


10 0 




2 


3 0 
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[00601^4 iZTjk-rmiz % zti&TcomttzMt m 
*mmmizi5^xi>. iFmneumtfi. omm.% 

UT. tfiKliO. 5«%I21T» S6fcff4t<tt 

o . i jaxjarr. if Attt&a** l < fa-hi-i. £ k # 

[006 1 ] <HM<5lJ 1 9 , Jt»«8>StitM6~ 1 0 

t mmwtfmzm^ ^x . mamMta o ^amd&R?- 

£0. 2 nm/s e c (Hife#ijl 9) tl. 0 nm/s 
e c (Jt«!M8) fcLfc. 

[0062] ^fil^t LT. tfyXm&LtlZftXMZ 

mm Ltzmzttm Ltztz*. o . 2 n 

m/sec (HSfePJl 9) TitO . 2«*%. 1. On 
m/s e c (HMM8 ) X'lt 1 . 2®*%f*>^3t. ^ 

[006 3] <Ift£><7)3it^£ffl^T. -Iix4T<7)iUfe0iJ 

R«t ffcA.«rtt£ffH»Lfc. ^msra5t^-r. 

[0064] 
[*5] 







(hr) 




0. 2 


2 0 0 




1. 2 


6 0 



[0065] ^5K*tat. S&IBfitfc: J: 
[0066] 

[01 ) *II^O«3t3IH t ^)-«*^H'C*4. 

[^oiiBj] 
1 1 

12 ^Bte 

1 3 *-/H35i&l 

14 a&ffiff 

1 5 jgHJIffiSE 

16 m-?fS5i&i 

17 m&^msmjtm 
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[HI] 



(a) 




(b) 




<c) 




13 ^-/u^ajs 



m^?ff*fflETAT3Ta30#2-^ ap* 

3K3SC«*BaKTA^3TB30#2-9- ^ 

(72)^0J# 3ffi gg& 

JK3SC«fcfflKTA^3TB30»2-f" 



(72) WB* «Uj #;£ 

m^fB^BBETA^3Ta30#2-t 4Mr 

m#SB*HET;*LT3TS30#2^- 4Mr 

F^-A(##) 3K007 AB02 AB03 AB11 CA01 CB01 
DA01 DB03 EBOO 



